BDCk"^^  AOA054052 


of 


iON  STAIEMENT 


AppMved  iof  p4l^  raloQMI 
Distiibutioa  PnHwHoit 


MASSA 

DIVISION 


HINOHAM,  W 


>CI 


DISCLAIMER  NOTICE 


THIS  DOCUMENT  IS  BEST  QUALITY 
PRACTICABLE.  THE  COPY  FURNISHED 
TO  DDC  CONTAINED  A SIGNIFICANT 
NUMBER  OF  PAGES  WHICH  DO  NOT 
REPRODUCE  LEGIBLY. 


MASSA  DIVISION  DVNAMICS  CORPOPATlON  AMERICA.  HINGHAM  MASb^ 


'^[j  ERbUli' 


njT^  (5tt 


/j  j DESIGN  TECHNIQUES  FOR  IMPROVING  THE 
;jr9  I UNIFORMITY  AND  LONG-TIME  STABILITY 

O \ " ' 

\ OF  CERAMIC  TRANSDUCERS* 


! 'DIFT"’''?u 


r . ■ .-^asci; 

• 'ica  Uuiauiiod 


This  report  covers  the  material  presented 
by  Frank  Massa  at  the  U.  S.  Navy  Seminar 
on  Piezoelectric  Ceramics  held  at  Washing- 
ton, D.  C.  on  September  24  and  25,  1964 


D D C 

MAY  22  1978 

i;V, 

il  u . 

A 


MASSA  O'VISIQN  Of  DVNAMICS  CORPORATION  Of  AMERICA  HINGHAM  MASS 


ER6424 

l^lTlIbU 


Fig.  1 


I 1 

Fig.  2 


Fig.  3 


Fig.  4 


Fig.  5 


Fig.  6 


LIST  OF  FIGURES 


Sensitivity  Distribution  for  30,000  Bariuni  Titanate 
Cylinders 


Cyclic  Variation  in  Capacity  of  Lead-Zirconate-Titanate 
Cylinders  (Type  5) 


Cyclic  Variation  in  Capacity  of  Lead-Zirconate-Titanate 
Cylinders  (Type  5H) 


Capacity  vs.  Ten.perature  for  Typical  PZT-4  Cylinders 
taken  from  a selected  normal  production  group 


Sensitivity  Distribution  for  130  ADP  Transducers 


Receiving  Response  of  Low  Cost  ADP  Sonobuoy  Hydroplione 


1 /ictrajM  m 1 

«rn 

•Mr 

**  ■*> 

laM  {»..  vr  fj 

C 

1 iRittiviioii/Aniut' 

m cotp 

iV/tlL  mi 

■« 

! 


ER6424 
1:  27  64 
Page  1 


i 


I 

I 

r 

I 

I 


I 


r 

< I 

> I 


4 

1 

0 
z 

1 


'j 

5 


2 


4 


0 


4 

Z 

C 

r 

> 

4 


/ 


c 


/ 

'/ 

4 

2 


Pieisoolectric  ceramics  liave  found  wide  spread  application  in  many 
sonar  transducei  designs,  and  although  tens  of  thousands  of  ceramic  trans- 
ducers of  various  t\pes  have  been  built  over  ttie  past  decade,  t.iere  is  con- 
siderable an;bigulty  regarding  the  variations  in  their  per Coi iiiance  character- 
istics under  different  environments.  There  has  been  very  little  authorita- 
tive engineering  data  available  to  indicate  tne  exact  behavior  of  the  vari- 
ous types  of  ceramics  under  varying  conditions  of  use,  and  in  tire  absence 
of  sucn  data,  many  transducer  designs  have  proved  disappointing  in  tneir 
reliability  over  long  periods  of  time. 

Some  of  the  more  difficult  problems  encountered  in  the  design  and 
nianufacture  of  ceramic  transducers  concern  the  achievement  of  uniiormity 
and  loiig-time  stability  of  tne  elements,  especially  for  such  critical  appli- 
cations in  which  beam  forming  networks  are  employed  with  the  structures. 
Tnere  are  two  general  classes  of  inherent  difficulties  that  must  be  over 
come;  namely,  to  neutralise  tne  relatively  large  variations  in  sensitivi 
and  Impedance  of  the  ceramics  during  tne  initial  production  of  the  trans 
ducer  elements,  and  to  minimise  the  variations  in  aging  characteristics 
occur  among  tne  ceramic  elements  over  the  useful  life  of  the  transducer. 

Barium  titanate  is  the  oldest  of  the  comniercially  available  ce 
amics  and  it  has  been  used  extensively  ^n  hydrophone  designs  because  the 
operating  teniperature  rise  for  tnis  application  is  negligibly  small  and, 
therefore,  no  great  risk  is  involved  in  depolarizing  tne  ceramic  element 
such  as  might  occur  in  connection  with  the  use  of  barium  titanate  for  tiL 
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powered  transmitting  transducers.  In  the  design  of  barium  titanate  hydro- 
phones requiring  a tiigh  degree  of  uniformity,  sucn  as  is  necessary  in  beam 
forming  arrays,  it  is  essential  to  employ  a plurality  of  ceramic  elements 
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in  eacli  liydropiione  unit  in  order  to  suitably  average  out  tae  relatively 
wide  individual  variations  in  sensitivity  and  capacity  tuat  aie  norn.ally 
found  wittiin  a group  oi  polarized  ceramic  elements.  Tiie  typical  normal 
range  of  variation  in  capacity  witnin  a large  production  lot  of  high  quali- 
ty polarized  barium  titanate  elements  is  approx  innately  257>,,  and  the  corres- 
ponding variation  in  sensitivity  within  tne  lot  is  about  4 db. 

Experimental  data  snowing  tne  measured  sensitivity  for  3(J,0UU 
barium  titanate  cylinders  manufactured  to  close  mechanical  tolerances  is 
plotted  in  Fig.  1.  It  is  obvious  from  the  data  that  it  would  be  impossi- 
ble to  produce  hydrophones  liaving  uniform  sensitivity  if  the  design  were 
to  employ  a single  cylinder  for  each  hydrophone.  To  overcome  the  difficul- 
ty presented  by  these  variations,  it  is  necessary  that  each  hydrophone 
assembly  employ  several  ceramic  elenents  which  are  individually  calibrated 
for  both  sensitivity  and  capacity  and  tnen  combined  into  selected  groups, 
each  group  having  tire  same  average  sensitivity  and  capacity  of  the  entire 
production  lot. 

Even  after  careful  selection  of  the  cerandc  elements,  it  will  be 
found  that  ttie  individual  hydrophone  cnaracter ist ics  will  agv  differently 
and,  therefore,  several  initially  well-balanced  assemblies  cannot  be  assured 
of  remaining  balanced  at  some  future  time  subsequent  to  their  manuiactuie. 
Since  the  aging  of  the  various  parameters  are  logarithmic  functions  of  tinie, 
greater  variations  will  occur  within  the  first  few  months  after  polai iza- 
tlon.  Therefore,  where  uniformity  and  stability  are  important  requirements, 
it  is  essential  that  the  calibration  and  selection  of  tiie  individual  ceramic 
elements  be  made  several  months  following  the  date  of  polarization. 

The  lead-zirconate-t itanate  ceramics  are  generally  more  stable 
than  barium  titanate  and,  therefore,  somewhat  better  performance  may  be 
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expected  in  tlie  use  o£  tdis  material,  dowever , altnougti  tlie  stability  of 
the  load  zirconates  is  generally  liigner,  a considerable  vaiiatLon  may  be 
expected  among  the  various  types  of  zirconates.  In  general,  tne  same  com- 
ments that  were  made  concerning  the  variations  in  barium  titanate  ceramics 
would  also  apply,  except  for  the  fact  that  the  depolarization  risk  would 
be  considerably  reduced  for  high-power  transnjitter s because  of  the  higher 
Curie  points  of  tlie  zirconates. 

If  a transducer  array  is  to  operate  over  a range  of  temperatures, 
such  as  is  comi:ionly  encountered  in  various  parts  of  the  ocean,  the  selec- 
tion of  the  ceramics  at  any  particular  temperature  will  not  necessarily 
insure  the  same  relative  uniformity  at  anotiier  temperature.  An  example  of 
the  relative  differences  that  are  typical  aniong  selected  zirconate  elements 
as  they  are  cylcled  over  tne  temperature  range  4°C.  to  30^C.  are  shown  in 
the  experimental  data  which  follow.  Fig.  2 shows  the  variations  in  capacity 
of  three  PZT-5  cylinders  as  they  are  successively  cycled  between  the  tem- 
perature range  4°C . and  30°C . Fig.  3 shows  similar  data  for  three  matched 
PZT-5'd  cylinders  of  the  same  dimensions.  Two  things  are  obvious  from  these 
data;  first,  that  tne  change  in  capacity  is  not  the  same  lor  each  cylinder 
nor  is  it  the  same  for  a particular  cylinder  during  successive  cycles  of 
the  same  ciianges  in  temperature. 

The  PZT-5  type  zirconates  show  higher  internal  losses  at  high 
power  levels  tiian  do  the  PZT-4  type  zirconates.  Therefore,  PZT-4  is  gen- 
erally preferable  for  higii-power  sonar  applications.  Fig.  4 shows  tne 
variation  of  capacity  with  temperature  among  four  norr:al  PZT-4  polarized 
ceramic  cylinders  t.iat  were  matched  at  7j°F.  It  can  be  seen  t.iat  the  lela- 
tlve  non-uniformity  among  tne  four  cylinders  increases  from  17.  at  lU0°F. 
to  147.  at  250® F. 
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111  order  to  cope  witli  tlie  inherent  problems  of  non-uniformity 
among  polarized  ceramic  elements,  it  is  essential  tnat  the  requirements  of 
eacn  transducer  application  be  very  carefully  analyzed  before  selecting 
the  type  of  ceramic  best  suited  for  the  job,  or  before  even  assuming  t lat 
the  design  snould  employ  ceramics  as  the  satisfactory  transducer  material. 

It  is  also  extremely  important  that  when  ceramics  are  employed  in  trans- 
ducer designs  which  require  a high  degree  of  uniformity  among  tiie  elements, 
a pre-aging  process  must  be  imposed  on  the  ceramics  followed  by  a calibra- 
tion procedure  whicii  permits  the  classification  of  tne  ceramics  into  se- 
lected groups.  Another  iniportant  requirement  for  increasing  the  uniformity 
and  stability  of  the  design  is  to  employ  several  ceramics  in  each  transducer 
element  which  are  selected  and  matched  in  a manner  that  will  minimize  the 
random  variations  insofar  as  tney  affect  tne  subsequent  performance  of  the 
transducers.  For  many  applications  where  exact  beam  forming  characteristics 
are  not  essential  and  for  applications  where  the  uniformity  of  impedance 
among  a multiple  assembly  of  transducer  elements  is  not  important,  polarized 
ceramics  may  be  employed  without  tne  selection  procedures  which  nave  been 
discussed,  and  for  such  cases  polarized  ceramics  will  present  useful  advan- 
tages in  the  design  of  sonar  transducers. 

It  is  unfortunate  t lat  the  general  use  of  polarized  ceramics  dur- 
ing the  past  decade  has  prevented  many  transducer  engineers  from  becoming 
acquainted  with  the  advantages  of  a piezoelectric  material  whose  character- 
istics are  far  superior  to  ti»e  polarized  ceramics  where  uniforniity  and  long 
time  stability  are  basic  requirements  of  tiie  sonar  transducer.  The  material 
is  ammonium  di-hydrogen  phosphate  wnich  was  developed  and  grown  conmercial- 
ly  in  very  large  quantities  during  the  early  1940* s,  and  it  quickly  super- 
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seded  Rochelle  salt  for  practically  every  sonar  transducer  application. 
Unfortunately,  not  too  inany  engineers  became  familiar  with  its  excellent 
characteristics  nor,  more  importantly,  did  they  become  familiar  with  the 
production  engineering  techniques  which  are  needed  in  the  handling  and 
processing  of  the  material  to  achieve  transducer  structures  of  extreme 
ruggedness . 

For  many  critical  applications,  A1)P  will  permit  a degree  of  uni- 
formity and  long-time  stability  in  sonar  transducers  that  cannot  be  achieved 
by  ceramics,  A typical  indication  of  the  uniformity  that  can  be  reali;:ed 
in  the  manufacture  of  ADP  transducers  is  indicated  in  Pig.  5 which  snows 
the  sensitivity  distribution  among  130  ADP  transducers.  The  total  spread 
in  sensitivity  among  all  the  units  in  the  group  is  only  1/2  db,  which  is 
a degree  of  uniformity  that  is  extremely  difficult  to  obtain  with  ceramic 
designs.  Only  by  careful  selection  and  matching  following  long  prior  aging 
of  the  ceramic  elements,  is  it  possible  to  approach  the  high  degree  of  uni- 
formity that  is  inherent  in  ADP.  It  should  be  recognized,  however,  that 
the  high  uniformity  can  only  be  realized  with  the  matched  ceramic  design 
at  a chosen  fixed  set  of  environmental  conditions,  and  the  uniformity  may 
deteriorate  at  a different  temperature  or  hydrostatic  pressure. 

The  excellent  long-range  stability  of  ADP  is  illustrated  in 
Fig.  6 which  shows  two  calibration  curves  of  a low  cost  ADP  sonobuoy  hydro- 
phone. One  calibration  was  made  at  the  time  of  manufacture  and  the  second 
one  made  approximately  six  years  later. 
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Fig.  1 Sensitivity  Distribution  for  30,000  Barium  Tltanate  Cylinders 
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PERCENT  CHANGE  IN  CAPACITY 
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Fig.  4 Capacity  va.  Temperature  for  Typical  PZT-4  Cylinders 
Taken  from  a Selected  Normal  Production  Group 
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Fig.  6 Receiving  Response  of  Low  Cost  ADP  Sonobuoy  Hydrophone 


